Background Children with intellectual disabilities (ID) have usually been reported to have poorer levels of oral hygiene and higher prevalence of dental caries than their compeers. The present study was conducted to assess the status of dental caries and oral hygiene in different categories of institutionalised children with ID (syndromic and non-syndromic) registered in various special schools of Delhi (National Capital Region, India). Methods The present cross sectional study was conducted on 269 children [52 with cerebral palsy (CP), 35 with Down syndrome (DS), 30 with autism and 152 with non-syndromic intellectual disability] attending nine special schools who were examined for dental caries [Decayed, Missing and Filled Teeth index for permanent teeth (DMFT); decayed, missing/indicated for extraction, filled index for primary teeth (dmft) and prevalence of caries] and oral hygiene status [Oral Hygiene Index-simplified (OHI-S)]. The levels of disability were classified according to Stanford Binet scale as severe (IQ ≤ 35), moderate (IQ = 36-51) and mild (IQ = 52-67). Statistical analysis was performed using one way analysis of variance and post hoc test to compare the levels between groups at a significance level of P < 0.05. Results Mean DMFT, dmft and OHI-S indices scores for all the children irrespective of the category and the level of ID were 2.12 ± 1.95, 0.97 ± 1.60 and 2.05 ± 1.07, respectively. As the level of ID increased among these children, the mean DMFT index and OHI-S index increased with no significant effect on dmft. However, children with severe ID had higher OHI-S and DMFT scores than children with mild or moderate ID. The dental caries prevalence was 86.53%, 68.57%, 76% and 86.18% in children with CP, DS, autism and nonsyndromic intellectual disability, respectively. Conclusions The level of caries in permanent teeth and oral hygiene deteriorated with the increasing severity of ID as indicated by DMFT and OHI-S scores (severe > mild, moderate). However, the level of caries (dmft) was not affected by the level of ID in primary dentition. The prevalence of dental caries was highest among children with CP and least among children with DS.
Developmental Disabilities (AAIDD) as a 'disability characterised by significant limitations in both intellectual functioning and in adaptive behaviour, which covers many everyday social and practical skills'. Children with ID have been usually found to have poorer oral hygiene and more untreated caries than the general population (Francis et al. 1991; Seirawan et al. 2008) . Traditionally, ID has been classified as per intelligence quotient (IQ) scores into mild, moderate and severe. However, it can also be classified into syndromic intellectual disability (S-ID) and non-syndromic intellectual disability (NS-ID) depending on whether it exists with other co-morbid conditions like autism, Down syndrome (DS) or cerebral palsy (CP). While S-ID may be easily defined because of apparent existing clinical signs and symptoms, NS-ID might be difficult to discern as other symptoms may be subtle and often missed by the clinicians (Kaufman et al. 2010) . To add to the perplexity in diagnosis and management, NS-ID may be due to genetic alterations at various levels of the genome which still needs to be identified. Till now, there has been no detailed investigation comparing the oral health status of children with NS-ID and S-ID. The planning of any dental intervention for these children requires a thorough understanding of their oral health status and estimation of needs for their dental treatment.
Research on the subject has been mostly restricted to limited comparisons of the oral health status of people with disabilities to the general population without evaluating the level of ID on oral health. Understanding the link between the levels of ID and oral health status will assist the health care providers and caretakers of the individuals with ID to formulate tailor-made preventive guidelines in different groups of people with ID. Secondarily, there is scarce data on the oral health status of children with ID and their incentives or privileges for treatment of any kind in Delhi-National Capital Region. A systematic review encompassing 27 studies from many parts of the world has concluded the existence of health disparities in people with ID (Anders and Davis 2010) . Because most of these children live in special schools, knowing their problems regarding dental diseases will help in the formulation of efficient tailormade programmes for dental care of different groups in school campuses. Hence, this study was conducted to assess dental caries, and oral hygiene status in different categories of children with special health care needs attending various special schools in DelhiNational Capital region and assessing the relationship between levels of ID to the oral health status.
Methods
A cross sectional epidemiological study was conducted from June 2013 to September 2014 to assess the prevalence of dental caries and oral hygiene status of children with ID aged up to 18 years enrolled in nine special schools of Delhi-NCR. Ethical clearance was obtained from the review board committee of the institution. Prior permission to conduct and examine the oral cavity of these children and to record their data was obtained from the respective principals of the various special schools which were registered with the Rehabilitation Council of India. Before the examination of each subject, informed consent was documented from the parents or guardian.
Inclusion criteria of the study are the following:
1 children with CP; 2 children with DS; 3 children with ID; 4 children with autism; 5 children with chronological age up to 18 years; and 6 children whose parents were willing for the examination.
Exclusion criteria of the study are the following:
1 individuals with chronological age above 18 years; and 2 written consent could not be obtained from the parents or guardians.
The minimum sample size was calculated to be 225 using G*Power 3.1 software (Heinrich-HeineUniversität, Düsseldorf, Germany) for one way analysis of variance (ANOVA) at following parameters: effect size = 0.25 (medium), α error probability = 0.18 (0.05/3) and Power (1-β) = 0.85 for three groups (mild, moderate and severe). Altogether, 304 individuals were enrolled in these schools with an age range of 2.8-46 years. Out of these, 278 children who fulfilled the inclusion criteria were recruited for the study. A total of 269 children were present and examined on the respective days of examination out of which two children were re-examined at the end of each examination day to assess the examiner reliability. An attempt was made to revisit and re-examine the children who were absent on the day of examination, but it was not effectual; therefore, those children were excluded from the study. Parents of all the children were willing to participate in the study after explaining the possible benefits and issue of dental referral cards to the institute. Hence, none of the children were excluded due to parents' unwillingness. Thus, the final study population was composed of a sample of 269.
A single calibrated examiner did the clinical examination of all the subjects. The examiner was calibrated for the examination and recording before conducting the survey in the Department of Paediatric Dentistry at the institute before each visit by the primary supervisor. The schedule for the oral examination of the children was prepared in such a way that no more than 20 children were examined on each day and examination was carried out only during the morning hours. Each child was made to sit comfortably on a chair/stool or any other facility which was available in the school. Assistance from the staff or caretaker of the child, with whom the child was well acquainted, was solicited whenever necessary to aid in the meticulous oral examination of the child with maximum comfort for the child. A torch was used for the oral examination whenever necessary. Children were supported when necessary or examined on their respective wheelchairs in the classrooms in the presence of their caretaker as deeming to the situation. The records regarding the level of ID were obtained from the disability certificates of the children as provided from the school records. These certificates were issued from the Government Civil Hospital wherein Stanford Binet scale was an established IQ measurement tool used and was a norm over many years of standardisation. The levels of disability were classified as Severe (IQ ≤ 35), moderate (IQ = 36-51) and mild (IQ = 52-67).
Dental caries was recorded as per the Decayed, Missing and Filled Teeth index for permanent teeth (DMFT) and decayed, missing and filled teeth index for primary teeth (dmft). As specified by World Health Organization (2013), this index grades primary/permanent teeth into following categories, respectively: A/0-Sound, B/1-Caries, C/2-Filled, with caries, D/3-Filled, no caries and E/4-Missing due to caries (where alphabets A, B, C, D and E represent status in primary teeth and numbers 1, 2, 3, 4 and 5 represent status in permanent teeth). The tooth was counted as decay when any of the following were met: (1) The lesion was clinically visible and obvious. (2) The explorer tip could penetrate deep into the soft yielding material. (3) There were discolorations or loss of translucency typical of undermined or de-mineralised enamel. (4) The explorer tip in a pit or fissure had a catch or resisted removal after moderate to firm pressure on insertion or (5) when there was softness at the base of the area.
Oral hygiene status was assessed using Oral Hygiene Index-Simplified (OHI-S) (Greene and Vermilion, 1964) which is a sum of debris score (0-3.0) and calculus score (0-3.0) with an overall range of 0-6.0. Intra-oral clinical findings for dental caries and oral hygiene status were recorded as per the indices above using a sterile mouth mirror, probe and explorer, taking care not to traumatise oral soft tissues. Wherever required, a tongue depressor and bite blocks were used as an aid for intra-oral examination. Clinical findings were noted in the pro forma and tabulated for statistical analysis using one way ANOVA and post hoc test (with Bonferroni correction) to compare the levels between groups at a significance level of P < 0.05.
Individual findings, as well as any need for further investigation or treatment, were reported to the concerned authority, and referral slips were forwarded to the parents or guardians of these children through their class teachers. Parental counselling and motivation for the maintenance of oral hygiene were performed subsequently in the school premises in groups and individually.
Results
Out of the total of 269 children examined (mean age of 11.63 ± 3.64 years), 19.33% (N = 52) were affected by CP, 13.01% (N = 35) by DS, 11.15% (N = 30) by autism and 56.51% (N = 152) were intellectually disabled without any known co-morbid conditions (NS-ID). Most of the children had moderately ID (56.88%; N = 153) followed by mild (34.94%; N = 94) and least had a severe ID (8.18%; N = 22). The majority of the children with ID were male participants (71.38%; N = 192) and the rest were female participants (28.62%; N = 77). Mean DMFT, dmft and OHI-S index for all the children was 2.12 ± 1.95, 0.97 ± 1.60 and 2.05 ± 1.07, respectively. The overall prevalence of dental caries in the study group was 82.89%. The prevalence of dental caries was highest among the children with CP (86.53%) followed by children with NS-ID (86.18%), children with autism (76%) and children with DS (68.57%). The kappa statistic was calculated to check the intraexaminer reliability for 26 children and was found to be 0.77 which can be considered to be good. Tables 1  and 2 show mean DMFT and dmft scores, respectively, for all the four different categories of intellectually disabled children based on their level of ID. The mean scores of DMFT, dmft and OHI-S were compared to the levels of ID (mild, moderate or severe) in these children using one-way ANOVA. The difference in case of mean DMFT and mean OHI-S was significant (P < 0.05) among three groups with children having severe ID having significantly higher DMFT and higher mean OHI-S scores than children with mild or moderate ID (post hoc test with Bonferroni correction) (Tables 1 and 3) . However, the mean dmft was statistically non-significant (P = 0.086) among the three levels of ID (Table 3) .
Discussion
ID is not just a mental malady; it is a developmental disorder that varies in gravity and is usually associated with mild to severe physical complications. While one person with an ID may struggle with cognitive functioning and communication, another individual with a similar condition may face obstacles with indispensable self-care or physical mobility. Historically, these children have been shunned, isolated, denounced and impoverished of society's resources. Providing health care services for children with special health care needs continues to be a challenge in the 21st century. Lack of coordinated muscular movements, innate skills, ability to understand and follow instructions are some of the important reasons for the inability to maintain proper oral hygiene practices among patients with disability. Clinically, it is useful to differentiate between S-ID and NS-ID forms of ID, depending on the involvement of other organs and the Mean total (n = 269) 2.25 ± 2.17 (n = 52) 1.54 ± 1.69 (n = 35) 1.87 ± 2.08 (n = 30) 2.26 ± 1.89 (n = 152) 2.12 ± 1.95 (n = 269) P value (one way ANOVA) 0.202 *NS-ID: non-syndromic intellectual disability. **ANOVA: analysis of variance. ***Significant at P < 0.05. Mean total (n = 269) 1.63 ± 1.93 (n = 52) 0.60 ± 1.33 (n = 35) 1.27 ± 2.13 (n = 30) 0.77 ± 1.33 (n = 152) 0.97 ± 1.60 (n = 269) P value 0.002*** *NS-ID: non-syndromic intellectual disability. **ANOVA: analysis of variance. ***Significant at P < 0.05. presence/absence of malformations or atypical (facial) gestalt or both (Chiurazzi and Pirozzi 2016) . In the present study, the authors relied on medical records and certificates from the respective institutions to rule out other co-morbid conditions and hence S-ID. Further work is required to explore the common molecular or genetic mechanisms that may determine the occurrence of S-ID or NS-ID and the impact of those mechanisms on the oral health status of these children.
Cerebral palsy (CP)
CP is a chronic, non-progressive and incapacitating condition of the neuromuscular system, as a result of early brain damage in the prenatal, perinatal or postnatal periods, when the system is still undergoing maturation. In the present study, 42 out of 52 children affected with CP presented with spasticity followed by 8 with mixed features and 1 each with hypotonia and ataxia. Children with CP have generally been reported to have a higher level of dental caries and poorer oral hygiene compared to the general population (Sinha et al. 2015; Al-Allaq et al. 2015; Subramaniam et al. 2014) . In contrast, some studies have found the oral health status of children with CP quite similar to mainstream children, although the oral health-related quality of life was still reported to be poor by the study authors (Abanto et al. 2014; El Ashiry et al. 2016) . Thus, continued efforts are needed by the health care providers to ensure that these children achieve indistinguishable oral health status from mainstream children and hence enjoy concordant oral health related quality of life as their compeers. Future studies are required to analyse the causes of the poor oral health status of children with CP and accordingly intervene against those underlying predisposing or aetiological factors. A prolonged delay between the time of intake of food and swallowing is one of the factors which might explain higher levels of dental caries in these children (Santos et al. 2014) . Some of the other factors that may be the cause of higher level of dental diseases children with CP are the lower antioxidant property of saliva, higher levels of sialic acid and salivary osmolality and alterations in the profile of salivary proteins involved in oral defence (Leite et al. 2013; Santos et al. 2014; Subramaniam et al. 2014; Santos et al. 2016) .
Down syndrome (DS)
Patients with DS have been reported to have severe periodontal destruction and higher colonisation of oral pathogens compared to the controls (Sakellari et al., 2005) . The mean DMFT and dmft scores in the present study among the 35 children with DS children were 1.54 ± 1.69 and 0.60 ± 1.33, respectively; 68.57% of them were affected with dental caries, signifying a lower caries experience than all other children with ID included in the present study. However, the mean OHI-S scores were highest (2.35 ± 0.40) among the children with DS as compared to the other three groups. The aim of the dental health care providers should be to achieve excellent oral hygiene in children with DS that should be reflected in their OHI-S scores. The reason for this stringent requisite is because even a meagre amount of dental plaque may cause exorbitant tissue destructions in children with DS. Higher levels of matrix metalloproteinases and serum tissue inhibitors of metalloproteinases have been regarded as one of the contributing factors in increased degradation of periodontal tissues in children with DS due to oral pathogens (Tsilingaridis et al. 2014) . Additionally, the level of sialic acids and total antioxidant capacity of the saliva are altered in children with DS which might be a potential reason for the altered level of diseases and their severity (Komatsu et al. 2013; Subramaniam et al. 2014; de Sousa et al. 2015) . Contrary to these studies, the biochemical composition of saliva was found to be similar among children with DS and mainstream children. Nevertheless, the cariogenic potential of the oral biofilm was still reported to be higher in children with DS than their peers by the study authors (Schwertner et al., 2016) .
Autism
In the present study, the mean DMFT, dmft and OHI-S scores for children with autism was 1.87 ± 2.08, 1.27 ± 2.13 and 1.75 ± 0.93, respectively, denoting fair oral hygiene and lower preponderance for dental caries (prevalence = 76%). Children with autism have generally been found to have poorer oral health compared to the children without autism (Diab et al. 2016; Richa et al. 2014; Morales-Chávez 2017) . In contrast, some of the studies have found fewer caries but higher periodontal needs for these children (El Khatib et al. 2014; Fakroon et al. 2015; Sarnat et al. 2016) . The concentration of antioxidants in saliva was found to be significantly reduced in children with autism, but this did not seem to impact towards the higher caries rates in these children, regardless of the poor oral hygiene found (Rai et al. 2012) .
Non-syndromic intellectual disability (NS-ID)
In the present study, out of the total 269 children recruited for the study, the maximum children belonged to NS-ID (N = 152) with varied underlying aetiologies (hydrocephalous, spina bifida, craniostenosis, chromosomal de-myelination, congenital meningeal cysts, etc.). In the present study, the highest value of oral hygiene mean OHI-S was among the severe ID group (2.66 ± 1.07) followed by moderate ID group (2.08 ± 1.04) and mild ID (1.84 ± 1.06). It can be inferred that the oral hygiene deteriorated with increase in the level of ID which was similar to that observed by Ozgul et al. (2014) wherein the condition of the teeth deteriorated with the severity of ID. One may argue that if the resources are limited (as happens in community programmes), more focus should be on individuals with severe levels of ID followed by moderate and least on individuals with mild ID. However, United Nations has encompassed human rights to include 'the right to social protection, to an adequate standard of living and the highest attainable standards of physical and mental well-being' regardless of race, sex, nationality, ethnicity, language, religion or any other status. Hence, all children, irrespective of the status and severity of their special health care needs, have the same prerogatives including the right to good oral health.
The study provides data from nine schools of children with ID in Delhi -the National capital region of India. In spite of a good sample size (N = 269) and reliable recording of the levels of ID, there are few limitations of the study. One of the main limitations of the present study is its institutional setting, and hence, the data may not reflect the oral health status of un-institutionalised children. Urbanisation and institutionalisation affect the oral hygiene status in children with special health care needs because these children may be supervised for oral hygiene habits. Barriers to care have also decreased because of the movement to bring people with disabilities out of institutions and into communities. Further similar studies evaluating oral health status of un-institutionalised children and comparing it with institutionalised children are the need of the time. There is also abundant room for further progress in determining the efficacy of tailor-made preventive programmes for these children. Another limitation of the present study is the non-observance of socioeconomic status and behavioural factors (diet, oral hygiene practices and frequency of dental attendance) of these children which are important determinants of oral diseases. However, these factors might be more important in un-institutionalised children where the dietary patterns differ as well as oral hygiene practices among different households. Preventive programmes are easier to implement in institutional settings because of the availability of personal dentist specialising in special care needs and the ease of setting dental home (American Academy of Paediatric Dentistry 2014). Attention over regular dental and medical check-ups, regulated intake of sugars and anticipatory guidance for the parents, are some of the other factors which might lead to better oral status compared to non-institutionalised children. For people with ID to live independent lives, adjustments are required to the ways health and care are delivered to facilitate equal access to these services. Knowledge about daily oral cleaning, demonstration of simple brushing techniques and flossing and use of fluoridated toothpaste, topical fluoride applications and preventive sealants, oral prophylaxis and use of supervised chlorhexidine mouth rinses are some of the important preventive measures that need to be extended. General dentists today are still not conversant with the subject of children with special health care needs as it is not covered exhaustively in the dental curriculum. Also, many dentists might not be trained in treating children with physical or ID and hence find the treatment of these children time consuming and difficult to accomplish (Gizani et al. 2014) . Thus, better education and training of the health care providers will go a long way in improving the oral health of these children to such a significant level wherein their oral health is similar to their peers.
Conclusions
The oral hygiene status and level of caries in permanent teeth deteriorated with poorer oral hygiene and higher DMFT in children with severe ID than children with moderate or mild ID. Children with DS had lowest caries experience while those who were CP had the maximum caries experience. The level of caries in primary dentition was not significant among children with different levels of ID.
